To determine if the extent of lymphadenectomy (number of recovered lymph nodes) was associated with long-term outcome in patients operated on for stage B and C colon cancer.
Objective
To determine if the extent of lymphadenectomy (number of recovered lymph nodes) was associated with long-term outcome in patients operated on for stage B and C colon cancer.
Summary Background Data
Lymphatic spreading is the main prognostic indicator in colon cancer patients, although the optimal extent of lymphadenectomy and its prognostic impact are still unknown.
Methods
In 3,648 patients (median follow-up 3.6 years) enrolled in two consecutive INTACC multicentric trials on adjuvant therapy for colon cancer, we studied the association of the number of recovered nodes with overall survival and relapse free survival by means of univariate and Cox regression analysis.
Results
The worst overall survival was related to ages Ͼ 65 (risk ratio [RR] ϭ 1.30), higher grading (RR ϭ 1.96). Better overall survival was related to female gender (RR ϭ 0.80) and to higher number of recovered nodes (8 -12 nodes, RR ϭ 0.46, [13] [14] [15] [16] [17] nodes, RR ϭ 0.76, nodes Ͼ/ϭ 18, RR ϭ 0.79). The same pattern was observed for relapse free survival. Longer overall and relapse free survival were related to a higher number of recovered nodes with P ϭ .034 and P ϭ .003 respectively (stratified analysis for absence or presence of positive nodes). Stage B patients with fewer than 7 nodes in the specimen had both shorter overall survival (P ϭ .0000) and relapse free survival (P ϭ .0016) than the other B patients. Outcome of stage C patients was not related to the number of recovered nodes (P ϭ .28 and 0.12 respectively). The interaction test between stage of disease and number of recovered nodes was statistically significant (P ϭ .017).
Conclusions
Stage B patients with a small number of examined nodes may be understaged. Thus, these patients might be considered for adjuvant therapy because of their poorer life expectancy than other stage B patients. For stage C patients, the number of recovered nodes does not seem to affect long-term outcome.
The classification of colon cancer proposed by Dukes, 1 and subsequently modified by Astler and Coller 2 is considered prognostically reliable and has acquired wide clinical use since its formulation. Nevertheless, during the last two decades, interest has been directed to additional variables to predict the survival of patients and to improve case selection for adjuvant chemotherapy. 3 Despite these efforts, however, the presence of nodal metastasis is still the most important prognostic indicator of survival, and the quality of both surgical and pathologic procedures has been recently enhanced to provide the best information about the lymphatic spreading of colorectal cancer. 4 -8 The exact number of lymph nodes to be dissected by the surgeon and the modality of the pathologic exam are still a matter of debate. 6 -8 Since 1990, when it was first proposed to examine at least 12 lymph nodes to properly stage colorectal cancer as N0, 9 the suggested number of nodes to be examined has varied from 6 to 17, 4-8 until Goldstein et al. 6 suggested to pick up as many nodes as possible during curative resections for colon cancer. In the recent Guidelines for therapy of colon cancer 10 it is stressed that, "For adjuvant trial, a minimum of one lymph node must be examined for entry into a trial. For surgical trials or for entry into a colon adjuvant trial in which the lymph node are negative for disease, a minimum of 12 nodes must be examined. The TNM staging system should be used for all colorectal cancer trials. Level of evidence: III-IV. Grade of recommendation: C."
The quality and the extent of lymphadenectomy, besides the diagnostic importance, have rarely been related to longterm outcome and a clear demonstration of their impact on survival has not yet been given. There are limitations to these studies. First, they are retrospective and based on small series of patients; and second, they seldom analyze the extent of lymphadenectomy in relationship to the long-term outcome. So far, only one large-scale trial (published in abstract form 11 ) is available and has concluded that aggressive lymphadenectomy may improve overall survival.
In this study we present the surgical data of two INTACC (National Intergroup for Adjuvant Therapy on Colon Cancer) trials on the adjuvant treatment of resected colon cancer. The aim of this study was to determine, in patients operated on for stage B and C colon cancer, if the extent of lymphadenectomy (number of recovered lymph nodes) is associated with long-term outcome.
MATERIALS AND METHODS

Patients
Patients considered here are from two large scale clinical trials conducted in Italy by INTACC (National Intergroup for Adjuvant Therapy on Colon Cancer). INTACC was created from the merge of 5 Italian cooperative groups: Genova, Gruppo Oncologico Italiano Ricerca Clinica (GOIRC), Gruppo Oncologico Nord Ovest (GONO), Gruppo Oncologico Piemontese Tumori Apparato Digerente (GOPTAD), and Instituo Oncologico Romagnolo (IOR), with the aim of assessing new adjuvant treatment modalities in colon cancer.
We analyzed data of surgical interest among data collected within the large scale randomized trials of adjuvant chemotherapy INTACC 01 and INTACC 02, which began in 1992 and in 1995 began enrolling patients radically resected for colorectal cancer. In these studies, patients were randomized to receive either 5-FU ϩ Levamisole ϩ 6-S-Leucovorin or 5-FU ϩ Levamisole (INTACC 01), or 5-FU ϩ Levamisole ϩ Methotrexate (INTACC 02). Overall survival and disease-free survival were the primary outcomes in both trials. Eligibility criteria were the same in the two trials and are listed in table 1.
An interim analysis of both trials was published at the 1999 Annual Congress of the American Society of Clinical Oncology. 12, 13 No statistical difference among the treatments in term of disease-free survival or overall survival was demonstrated. Therefore, in this study we considered the two arms of the studies as a single cohort of patients, regardless of the adjuvant scheme.
There were 3,648 patients enrolled by INTACC during a 6-year period but, because of missing data on the characteristics of the patients, not all of them were included in the Cox regression analyses.
Patients' characteristics are listed in table 2. The proportion of patients with negative nodes in INTACC studies is higher than in other studies 5, 8 because of the eligibility criteria of both protocols, and because an international competitive study started for only stage C patients during the second study.
Active follow-up is maintained for the studies; both INTACC 01 and INTACC 02 are mature trials and are going to be published. Median follow-up is 3.6 years (95% CI: 3.5-3.7 years).
Statistical Analysis
The association of recovered and positive lymph nodes with prognostic factors was analyzed using the -square Relapse free survival was computed as the time from randomization in the main study to the first observation of disease recurrence or occurrence of a second primary cancer, or death due to any cause. Overall survival was computed as the time from randomization to death due to any cause. Kaplan-Meier estimate and log-rank test were used for comparisons.
All survival and relapse free survival analyses were stratified for presence or absence of positive nodes. Cox regression analysis was used to model overall survival and relapse free survival as a function of a set of independent variables. All the variables were categorical: age (Ͻ 65 and Ն65); histologic grading (1 ϭ well, 2 ϭ moderately well, 3 ϭ poorly differentiated, 9 ϭ intermediate category for missing); recovered lymph nodes (0 -7, 8 -12, 13-17, and Ն18 according to quartiles); gender and site of disease (1 ϭ right colon: cecum, ascending colon, and hepatic flexure; 2 ϭ left colon: transverse colon, splenic flexure, and descending colon; 3 ϭ intraperitoneal rectum and sigmoid; 4 ϭ multiple locations). Both analyses for overall survival and relapse free survival were stratified for stage of disease (positive and negative nodes at the pathologic examination).
For Cox regression analyses a backward procedure, based on the likelihood ratio test, was used with P in ϭ .05 and P out ϭ .10. All P values are two-sided. Presence of interaction between stage of disease and categories of recovered nodes was evaluated only in overall survival analysis, using the likelihood ratio test. Because of missing values all the sums of patients considered in different analyses may be different.
SPSS statistical package software (Microsoft Corp., Redmond, WA) was used for all the procedures.
RESULTS
Among the 3,648 patients enrolled in the two INTACC trials, 3,248 had the necessary data to assess the lymphatic state (both exact number of recovered nodes and positive ones). Dukes' B patients were 1,635 (50.3%) and 1,613 (49.7%) were stage C. Dukes' B and C patients showed no statistically significant differences as regards age, sex, tumor location, and number of recovered lymph nodes. The median follow-up of all patients is 3.6 years.
First, we looked for any association between the number of recovered lymph nodes and the other variables (data not shown in tables). Tumor location was significantly related to the number of recovered lymph nodes (P ϭ .000; degree of freedom ϭ 9): a higher number of nodes was recovered from right colon specimens than from left colon and rectosigmoid. This difference was statistically significant even considering Dukes' B and C patients separately (P ϭ .000). Older age (Ն 65 years) was associated to a lower number of recovered nodes (P ϭ .041). The same analysis was then performed considering Dukes' B and C patients separately. Grading (P ϭ .19) and gender (P ϭ .27) showed no association with the number of recovered nodes.
The association among number of positive nodes and clinical variables is reported in table 3: the association is statistically significant for grading (P ϭ .0000) and for gender (P ϭ .028).
Second, the association between independent variables and outcome is reported in tables 4 and 5: we found that age Ͻ 65, lower grading, higher number of recovered nodesm, . See tables 4 and 5 for risk ratios at various levels of recovered nodes. We divided B and C patients into quartiles according to the number of recovered nodes; the 5-years overall survival and relapse free survival for each quartile are shown in table 6. Dukes' B patients in the subgroups analysis explain all the difference, with most of the -square explained by the trend (P ϭ .0009 and P ϭ .0000 respectively). This is due to the worse outcome of Dukes' B patients with a lower number of recovered nodes. In Dukes' C patients the association between the number of recovered nodes and survival and relapse free survival did not achieve statistical significance.
The test for interaction between stage of disease and number of recovered nodes is statistically significant (P ϭ .017).
DISCUSSION
We studied a very large cohort of homogeneously treated patients who were selected by means of strict protocol entry criteria. Stages of the disease were comparable and treat-ment and follow-up were carried out according to a uniform standard. All our patients underwent chemotherapy in stable clinical conditions; therefore the long-term statistics had no initial bias due to operative morbidity. Furthermore, the mainstays of clinico-pathologic evaluation (gender, age, stage, grading, lymphatic spreading, tumor location) were collected and considered in the statistical analysis. As far as median follow-up and number of events are concerned, INTACC studies are mature trial and are going to be published. The largest series of patients we were able to find in the surgical literature [3] [4] [5] [6] [7] [8] 14 comprised between 103 and 750 patients. Only one large-scale trial (from the medical oncology literature addressing these surgical issues) is available but published in abstract form only. 11 The first task in our study was to look for an association among the number of collected nodes, the number of positive nodes, and the clinico-pathologic variables.
The number of positive nodes seems not to be related to the number of recovered nodes (P ϭ .5). As we will consider below, this data are not in agreement with other studies. 7, 11 The variables related to a higher number of recovered nodes are tumor location (right colon tumors were associated to a higher number of nodes in the specimen) and patients' age (patients younger than 65 had more nodes Stage B Colon Cancer Patients and Lymphadenectomy collected). Our results are in keeping with those of other studies. In fact, the former difference was also noted by Hernanz et al., 3 and can be explained on the basis of a largerpiece of mesenteric lymphatic stations exciseable during right colectomy rather than during left colectomy. The latter finding (age Ͼ 65) may be hypothetically explained as a rough index of the surgeon's approach in high-risk patients not tolerating invasive resections. We cannot explain this issue otherwise because other important comorbidities were not considered within the entry form.
The principle aim of this study was to determine whether different outcomes might be associated with the extent of lymphadenectomy.
We considered the survival and relapse free survival curves for patients divided in quartiles according to the number of recovered nodes. The smaller the number of recovered lymph nodes, the smaller the overall survival and relapse-free survival in stage B patients. Such information is contradictory with the one discussed above (positive nodes not related to number of recovered nodes), but seems to have statistical evidence as far as survival is concerned, because it is sustained in the univariate analysis and confirmed by Cox regression analysis and by the interaction analysis. This last information is clinically more important because it directly relates a surgical/pathologic staging to precise outcomes data, giving the clear evidence of the impact of surgery on survival. These data are similar to those ones published by Caplin 7 and Le Voyer. 11 Caplin studied 211 stage B patients, showing that B patients with fewer than 6 nodes had poorer overall survival and their survival curve had the tendency to behave like the one seen in stage C patients. Le Voyers showed data regarding 648 stage B patients, with statistically significant worsening of overall survival and cancer specific survival of B patients with fewer collected nodes. More than 1,500 stage B patients compose our series and this larger sample size may allow us to draw more precise indications from the follow-up data. Our stage B patients with fewer than 7 collected nodes had worse outcome than the other stage B patients, but always better than all stage C patients. This result seems to demonstrate the risk of understaging some of these patients when fewer than 7 nodes were collected. The number of inadequately (Ͻ 7 collected nodes) staged patients in our series was high: 24.3% of N0 patients. Our data, however, do not allow us to investigate if this result is due to a limited lymphadenectomy (which might be caused by intraoperative reasons, such as occlusion, hypo-tension, adhesions, or others) or if it is due to an ineffective research of nodes during the pathologic examination. In fact, once stabilized and within 60 days after surgery, all patients entered the INTACC trials and received chemotherapy without distinction based on the number of collected nodes, because it was not an entry criteria. Outside any randomized adjuvant trial, these understaged patients could have not been evaluated for chemotherapy.
Our results, in keeping with those of other studies, 4 -8 emphasize the need to report the number of collected nodes in the pathologic report as quality criterion for the diagnostic value of colonic oncological surgery. This minimum number must be surely greater than 7, and it could be even greater for right hemicolectomies. Thus, we agree with Goldstein 6 about the indication of performing aggressive colectomy to give the pathologist a more complete specimen to collect as many nodes as possible. 15 According to our data and given that the classification as stage C is pivoting in the adjuvant treatment, the N0 patients with fewer than 7 recovered nodes should be evaluated in a different way for adjuvant chemotherapy, especially if other risk factor are present. Also, these patients have recently been considered not eligible for surgical trials or for entry into colon adjuvant trials for N0 stage. 10 Thus, the surgeon must clearly describe in his report the characteristics of the performed lymphadenectomy. If any intraoperative situation has led to a scarce lymphadenectomy, it should be mentioned to justify a failure in staging the disease.
